Document made available under the 
Patent Cooperation Treaty (PCT) 



International application number: PCT/GB05/000718 
International filing date: 25 February 2005 (25.02.2005) 



Document type: Certified copy of priority document 

Document details: Country/Office: GB 

Number: 0404417.8 

Filing date: 27 February 2004 (27.02.2004) 



Date of receipt at the International Bureau: 01 April 2005 (01.04.2005) 



Remark: Priority document submitted or transmitted to the International Bureau in 

compliance with Rule 17.1(a) or (b) 




World Intellectual Property Organization (WIPO) - Geneva, Switzerland 
Organisation Mondiale de la Propriete Intellectuelle (OMPI) - Geneve, Suisse 




Patent • 
% Office | 



at h hit 



o 

INVESTOR IN PEOPLE 



The Patent Office 
Concept House 
Cardiff Road 
Newport 
South Wales 
NP10 8QQ 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 

I also certify that the application is now proceeding in the name as identified herein. 

In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p. I.e. , 
pic, P.L.C. or PLC. 




An Executive Agency of the Department of Trade and Industry 



i 



V 





GB 0404417.8 



By virtue of a direction given under Section 30 of the Patents Act 1977, the application is proceeding in the name of: 



KCC GROUP LIMITED, 
1 1 1 Windmill Road, 
SUTSEBURY ON THAMES, 
Middlesex, 
TW16 7EF, 
United Kingdom 

Incorporated in the United Kingdom, 
[ADPNo. 09002494001] 



An Executive Agency of the Department of Trade and Industry 



i 



Patents Form 1/77 



s Act 1977" 

I 




PATENT Op i 



A 

27 FEB 200% 
Request for gr&nt of a patent 



(See the notes on the back of this 
an explanatory leaflet from the Patent 
you fill in this form) 



You 



V. 



Office 




0l(iBKO4 I#fWfe-« BQ28? 

The Patent Office 

Cardiff Road 
Newport 
Gwent NP9 1RH 



1 . Your reference 


P101Q4J6/5B0Q/RHG- 






h£ °fj0 




2. Patent application number 






(Vie Patent Office will fill in this part) 


0404417.8 


2 ? FEB 2004 



3. 



Full name, address and postcode of the or of 

each applicant (underline all surnames) 



Patents ADP number (if you know it) 

If the applicant is a corporate bod}', give the 
country/state of its incorporation 



Dynamic Processing Solutions Ltd 
Dynamic House 
8-10 Combe Road 
Portishead & opUC#CT^ ^ 

United Kingdom 




fife? 



Title of the invention 

CYCLONE ASSEMBLY AND METHOD FOR INCREASING OR DECREASING FLOW CAPACITY 
OF A CYCLONE SEPARATOR IN USE 



Haseltipe Lake J 



Full name of your agent (if you have one) 



"Address for service" in the United Kingdom ^Tmp 
to which all correspondence should be sent 9 

(including the postcode) Af 9 JT^ LOO 





gsway 
WC2B 6UD 



O Rjlc/iM s 



Patents ADP number 





6. If you are declaring priority from one or more 
earlier patent applications, give the country 
and the date of filing of the or of each of these 
earlier applications and (if you know it) the or 
each application number 



Country 



Priority application number Date of filing (day/month/year) 
(if you know it) 



7. If this application is divided or otherwise 

derived from an earlier UK application, give 
the number and the filing date of the earlier 
application 



Number of earlier application 



Date of riling (day/montWyear) 



8 . Is a statement of inventorship and of right to a Yes 
grant of patent required in support of this 

request? (Answer "Yes" if: 

a) any applicant named in pan 3 is not an inventor, or 

b) there is an inventor who is not named as an applicant, 
or 

c) any named applicant is a corporate body. 
See note (d)) 



Patents Form 1/77 



Patent Form 1/77 

9. Enter the number of sheets for any of the 

following items you are filing with this form. 
H5>eraot-c<ymt*copies off the same document. 

Continuation sheets of this form 

Description 
Claims^ 
Abstract 
Drawing^ 



- I 

10 
5 
1 

5 -S3 




a 



10. 



If you are also filing any of the following, 
state how many against each item. „ 

Priority documents 

Translations of priority documents 

Statement of inventorship and right 

to a grant Of patent (Patents Form 7/77) 

Request for preliminary examination 

and Search (Patents Form 9/77) 

Request for substantive examination 

(Patents Form 10/77) 

Any other documents 

(please specify) 



1 



11. 



IAVe request the grant of a patent on the basis of this 
application. 

Haseltine Lake, Agepts f6r the Applicants Signature 

i I p. A .y' i »y 



Date 




12, Name and daytime telephone number of 
person to contact in the United Kingdom 





26 February 2004 



Robert Games 



Tel: +44 (0) 117 910 3200 
Fax:+44 (0) 117 910 3201 



Warning 

After an application for a patent has been filed, the Comptroller of the Patent Office will consider whether publication or 
communication of the invention should be prohibited or restricted under Section 22 of the Patents Act 1977. You will be 
informed if it is necessary to prohibit or restrict your invention in this way. Furthermore, if you live in the United 
Kingdom, Section 23 of the Patents Act 1977 stops you from applying for a patent abroad without first getting written 
permission from the Patent Office unless an application has been filed at least 6 weeks beforehand in the United Kingdom 
for a patent for the same invention and either no direction prohibiting publication or communication has been given, or 
any such direction has been revoked. 
Notes 



a) 
b) 
c) 

d) 
e) 

f) 



If you need help to fill in this form or you have any questions, please contact the Patent Office on 0645 500505. 
Write your answers in capital letters using black ink or you may type them. 

If there is not enough space for all the relevant details on any part of this form, please continue on a separate sheet of paper 
and write "see continuation sheet" in the relevant part(s). Any continuation sheet should be attached to this form. 
If you have answered '"Yes 1 Patents Form 7/77 will need to be filed. 
Once you have filled in the form you must remember to sign and date it 
For details of the fee and ways to pay please contact the Patent Office. 



Patents Form 1/77 



DUPLICATE 




CYCLONE ASSEMBLY AND METHOD FOR INCREASING O R DECREASING 
FLOW CAPACITY OF A CYCLONE SEPARATOR IN USE 

The present invention relates to a cyclone assembly and method for increasing or 
5 decreasing the flow capacity of a cyclone separator in use. 



BACKGROUND . 

It has been known for some time that the management of solid particles, for example, 
10 sands, asphaltenes, days, drill cuttings, and scale particles, discharged from 

hydrocarbon producing wells, has an important impact on downstream processing 
equipment. Some typical problems associated with downstream processing are: 

• Wear on valves, particularly choke pressure control valves 

1 5 • Drop out of solids in processing vessels such as three phase separators 

• Wear on pumps and rotating equipment 

• The management of separated solids on the seabed following sub-sea 
processing 

• Disposal of solids, which are contaminated with oil offshore. 

20 

With the advent of directional drilling, which is used to seek out and produce ever more 
recoverable hydrocarbons from old or marginal reservoirs, and the use of lateral 
completions, ever increasing volumes of solids are being produced. 

25 The use of a well head de-sander in the form of a solid/liquid cyclone housed in a 

pressure vessel is well known and has been utilised successfully in the offshore oil and 
gas exploration and production industry. A well head de-sander is typically designed to 
cope with slowly increasing flow rate, in order to match the field production profile of a 
reservoir's life. Therefore, the design must have a sufficient turndown (ie, minimum to 

30 maximum flow capacity whilst remaining an efficient separator). 

Up to now, this is often been achieved in one of two ways, either by taking the de- 
sander off-line and changing the number of cyclone liners before returning it on-line, or 
by directing the flow to one or more cyclone vessels as required. 



In the first method, a cyclone vessel may have the ability to hold, for example, forty 
cyclone liners, but has only twenty liners installed with twenty blank liners. When the 
flow rate through the cyclone vessel increases to the point where the pressure drop 
across the cyclone vessel is too high, the operator takes the cyclone vessel off line, 
opens it and installs more cyclone liners. 

In the second method, the same effect can be achieved by having two cyclone vessels, 
for example, each with twenty liners installed on a skid system with valves installed on 
the skid manifold to allow selection of the vessels and hence number of cyclone liners 
on line at a given time. 

In a typical example system, a well produces a volume of liquids with some associated 
gas, for example, 50 m 3 /hr. The pressure available for use by the cyclone de-sander 
is typically 1 bar. Cyclone liner design characteristics determine that the efficient 
maximum flow rate per liner whilst meeting its d 90 cut size is given by the available 
pressure drop allowed divided by a constant depending on the cyclone shape size and 
efficiency. In this example a cyclone liner is chosen that has a maximum flow rate 
under these conditions of 10m 3 /hr whilst separating 90% of all particles 20 microns and 
above that have a density equal to or greater than 2000 kg/m 3 . The field's initial flow 
rate is considered to be 30m 3 /hr and after one years operation is likely to increase to 
50m 3 /hr. 

* 

The cyclone vessel is therefore initially filled with three cyclone liners and two blanks. 
Once the pressure drop through the cyclone vessel increases to above 1 bar, the 
vessel is taken offline, the two blanks are removed and two extra cyclone liners are 
installed. The cyclone vessel is then brought back on line. 

When considering a gas field, the problem of flow and pressure change is exaggerated 
because the gas production often begins as a low volume dense phase fluid at high 
pressure, and as the field matures the volume increases and the pressure drops. This 
therefore; requires either a smaller cyclone liner type on start up, which will need to be 
replaced later in the field's life with a larger cyclone, or a high number of extra smaller 
cyclone liners in separate vessels or added to a single vessel as needs be. 

Whereas these systems have had some success to date onshore and on topsides 
offshore, these systems are not practicable when considering sub-sea processing, 
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because the retrieval of a cyclone vessel for maintenance and/or the use of divers in 
deep sea areas are not viable. 

It is therefore an object of the invention to provide a new cyclone assembly, which has 
5 an improved turndown, ie, minimum to maximum flow capacity whilst remaining an 
efficient separator. 

STATEMENTS OF INVENTION 

1 0 According to the present invention there is provided a cyclone assembly comprising a 
cyclone chamber, an inner cyclone liner adapted to be received within the cyclone 
chamber, and displacement means for displacing the inner cyclone liner relative to the 
cyclone chamber between an operative position and an inoperative position. 

1 5 Preferably the cyclone chamber comprises an outer cyclone liner. 

Preferably the inner cyclone liner is adapted to be displaced along a longitudinal axis of 
the outer cyclone liner between the operative position and inoperative position. 

20 Preferably a seal is provided at a lower end of the inner cyclone liner, which seals 
between the inner and outer cyclone liners when the inner cyclone liner is in the 
operative position. 

Preferably the inner cyclone liner has an inlet let into its periphery. 

25 

Preferably the outer cyclone liner has an inlet let into its periphery. 

Preferably the inner cyclone liner has an overflow outlet for fluids at an upper end and 
30 a discharge outlet for solids at its lower end. 

Preferably the outer cyclone liner has an overflow outlet for fluids at an upper end and 
a discharge outlet for solids at a lower end. 

35 Preferably the inner cyclone liner is able to pass through the overflow outlet of the outer 
cyclone liner. 



According to a second aspect of the present invention there is provided a cyclone 
separator including the cyclone assembly contained within a housing. 

5 Preferably the housing has an inflow chamber, an overflow chamber and a discharge 
chamber. 

Preferably a fluid supply duct is provided in fluid communication with the inflow 
chamber. 

10 

Preferably the cyclone chamber is substantially contained in the inflow chamber. 

Preferably the inner cyclone liner can be positioned concentrically within the cyclone 
chamber in the operative position, or displaced axially to the inoperative position within 
1 5 the overflow chamber. 

Preferably actuation of the displacement means is automatic, and is triggered when a 
predetermined pressure differential is detected between an inflow and outflow of the 
separator. 

20 

Preferably the displacement means is a threaded spindle. A hand wheel may be 
provided for actuation of the threaded spindle by rotation. 

Preferably the displacement means is powered by an actuator, which may, for 
25 example, be an electric, hydraulic or pneumatic actuator. . 

Preferably the displacement means is powered by springs. 

Preferably the displacement means is powered by the pressure differential between the 
30 inflow and outflow of the separator. 

Preferably a fluidising unit is connected to the discharge chamber. 

Preferably a heated jacket is provided around the separator. 

35 

Alternatively the cyclone separator is adapted to be heated by heat tracing. 
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The cyclone separator may be incorporated in a choke or a blow-out protector. 
Preferably the cyclone separator is incorporated in a wellhead assembly or manifold. 

5 

Preferably the cyclone separator is adapted to be operated on the seabed. 

Preferably the cyclone separator is adapted to be operated by a remotely controlled 
vehicle on the seabed. 

10 

The cyclone separator may be positioned on the seabed and arranged to remove 
solids from a fluid flow prior to a process or separation system. 

According to a third aspect of the present invention there is provided an apparatus for 
1 5 treating a well head stream comprising a plurality of cyclone separators mounted on a 
skid, a receiving vessel for solids and a hydro-transportation device for discharging 
cleaned solids. 

Preferably the receiving vessel for solids includes a cleaning cyclone, a re-circulation 
20 inductor and de-agglomeration means. 

Preferably the de-agglomeration means is either chemical or ultrasonic. 

Preferably the hydro-transportation device discharges directly into the sea or when in 
25 sub-sea operation, into a riser. 

According to a fourth aspect of the present invention there is provided a method of 
increasing the flow capacity of a cyclone separator during use, comprising the step of 
withdrawing an inner cyclone liner from an operative position within a cyclone chamber 
30 to an inoperative position axially spaced from the cyclone chamber. 

When the inner cyclone liner is in the inoperative position, the cyclone chamber 
operates alone to provide a separating function. As the cyclone chamber has a larger 
internal diameter than the inner cyclone liner, when the inner cyclone liner is in the 
35 inoperative position, the flowrate through the cyclone assembly is increased. 



Preferably the cyclone chamber comprises an outer cyclone liner. 

According to a fifth aspect of the present invention there is provided a method of 
reducing the flow capacity of a cyclone separator during use, comprising the step of 
inserting an inner cyclone liner to an operative position within an outer cyclone liner 
from an inoperative position axially spaced from the outer cyclone liner, thereby making 
the inner cyclone liner, which has a smaller internal diameter, the operative liner of the 
cyclone separator. 

* 

Preferably, when the inner cyclone liner is moved to the operative position, the 
pressure differential between the inlet and fluid outlet of the cyclone separator 
increases as the fluid flow capacity reduces. 

The fluid flow capacity reduction and pressure increase are due to the reduction of 
cross-sectional area of the operative chamber of the cyclone. If the differential - 
pressure across the inlet and outlet of the separator were to decrease or increase, 
without a change of liner (ie cross sectional area of the operative chamber) then a 
corresponding respective decrease or increase in flowrate would be expected. It is an 
advantage of the invention, that even with a decrease in the differential pressure, an 
increased flowrate can be achieved, by movement of the inner cyclone liner to the 
inoperative position. 

• * 

BRIEF DESCRIPTION OF THE DRAWINGS 

v 

The invention will now be described, by way of example, with reference to the 
accompanying drawings in which: 

Fig 1 is a graph showing the relationship between pressure and flow rate for a typical 
gas field over a typical time period of between one and five years; 

Fig 2 shows a cross-sectional view through a cyclone assembly in accordance with 
the invention; 

Fig 3 shows a side view of a cyclone separator, partly in cross-section, including the 
cyclone assembly of Fig 2 with an inner cyclone liner in an operative position; 
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Fig 4 shows a side view of the cyclone separator of Fig 3, partly in cross-section, with 
the inner cyclone liner in an in-operative position; and 

Fig 5 is an enlarged view of a spindle and hand wheel, also shown in Figs 3 and 4, 
5 for displacing the inner cyclone liner. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Referring firstly to Fig 1, in a typical gas field, the flow rate to be passed through a 
1 0 cyclone separator, during the course of the life of the gas field, may increase from 

1 0m 3 /hr to 1 0OrrrYhr. The pressure drop associated with such an increased flow rate is 
approximately from 85 bar down to 10 bar. It can therefore be seen that a cyclone 
separator may be required to operate over a flow rate range of 90m 3 /hr, whilst 
maintaining efficient separation. 

15 

Referring to Fig 2, a cyclone assembly is indicated generally at 10 and comprises a 
cyclone chamber 12, formed by an outer cyclone liner 14, and an inner cyclone liner 
16. The inner cyclone liner 16 is adapted to be displaced along a longitudinal axis 18 
of the outer cyclone liner 14 between an operative position, as viewed in Figs 2 and 3, 
20 and inoperative position, as viewed in Fig 4, and explained further below. 

A seal collar 20 is provided at a lower end of the inner cyclone liner 1 6. The seal collar 
20 is integral with the inner cyclone liner 1 6, and seals between the inner and outer 
cyclone liners when the inner cyclone liner is in the operative position. 

25 

- An inlet 22 is let into the periphery of the inner cyclone liner 1 6, and a similar inlet 24 is 
let into the periphery of the outer cyclone iiner 14. Each inlet 22, 24 has the shape of a 
vertical slot, which when supplied with a tangential fluid flow, causes swirling or a 
rotational flow pattern inside the respective liner 16,14. 

30 

An overflow outlet 25 for fluids is provided at an upper end of the inner cyclone liner 1 6 
and a discharge outlet 26 is provided for solids at its lower end. Similarly, an overflow 
outlet 28 for fluids is provided at an upper end of the outer cyclone liner 14 and a 
discharge outlet 30 for solids at a lower end. The maximum diameter of the inner 
35 cyclone liner 1 6 is set so that the inner cyclone liner 1 6 can pass through the overflow 
outlet 28 of the outer cyclone liner 14. 
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An outwardly extending circumferential flange 32 is provided part-way along the outer 
cyclone liner 14, which enables the liner 14 to be mounted in a cyclone separator, 
indicated generally at 40 in Figs 3 and 4. An end cap 36, through which the overflow 
outlet 28 is provided, is attached to the upper end of the outer cyclone liner 14. The 
end cap 36 also protrudes as an outwardly extending circumferential flange, and 
provides further means for mounting the cyclone assembly in the cyclone separator 40. 

The cyclone separator 40, see in particular Fig 3, includes a housing 42, in which the 
cyclone assembly 10 is contained. The housing 42 has an inflow chamber 44, an 
overflow chamber 46 and a discharge chamber 48. A fluid supply duct 50 is provided 
in fluid communication with the inflow chamber 44, where the cyclone assembly 10 is 
substantially contained. The inner cyclone liner 16 is positioned concentrically within 
the cyclone chamber 12 of the outer cyclone liner 14 in the operative position, but is 
contained in the overflow chamber 46 of the housing 42, when displaced axially to the 
inoperative position as shown in Fig. 4. The housing 42 is capable of withstanding high 
pressures, typically associated with oil and gas wells. 

Referring also to Fig. 5, a threaded spindle 52 is connected at its lower end to the 
overflow outlet 24 of the inner cyclone liner 16, and passes through the upper end of 
the overflow chamber 46. A hand wheel 54 is provided in threaded engagement with 
the spindle 52, and on actuation of the hand wheel by rotation, the spindle and inner 
cyclone liner 16 can be axially displaced along the axis 18. Means is provided for 
preventing rotation of the spindle; for example, a key and keyway. 

A pressure sensor and pressure indication means (not shown) is provided to enable an 
operator to identify when to move the inner cyclone liner 16 to the inoperative, or 
operative position. The sensor detects the pressure differential between an inflow and 
outflow of the separator 40. 

In a preferred embodiment of the invention, not shown, actuation of the threaded 
spindle 52 or other displacement means is automatic, and is triggered when a 
predetermined pressure differential is detected between an inflow and outflow of the 
separator 40. The displacement means can be powered by any suitable means, but 
preferably is powered by a hydraulic, pneumatic or electric actuator, by springs or by 
the pressure differential between the inflow and outflow of the separator. 
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Afluidising unit can be connected to the discharge chamber 48 by means of a fiuidising 
unit feed duct 56 and a solids outlet duct 58. The fiuidising unit creates a iocaiised 
swirling flow which breaks up agglomeration and entrains particles into an outlet flow of 
5 well stream fluids. Separated well stream fluids flow out through an outlet duct 60, 
which is in fluid connection with the overflow chamber 46. 

in order to facilitate flow of fluid, particularly hydrocarbons, through the separator 40, a 
heated jacket (not shown) can be provided around the separator. Alternatively the 
1 0 cyclone separator 40 is adapted to be heated by heat tracing. 

In use, the cyclone separator 40 can be incorporated in a choke or a blow-out 
protector, or in a wellhead assembly or manifold. The separator 40 can also be 
adapted to be operated on the seabed, by means of a remotely controlled vehicle. 
15 When positioned on the seabed, the cyclone separator 40 can be arranged to remove 
solids from a fluid flow prior to a process or separation system. 

In a further preferred embodiment of the invention for treating a well head stream (not 
shown), a plurality of cyclone separators can be mounted on a skid, together with a 
20 receiving vessel for solids and a hydro-transportation device for discharging cleaned 
solids. The receiving vessel for solids preferably includes a cleaning cyclone, a re- 
circulation inductor and de-agglomeration means. The de-agglomeration means is 
either chemical or ultrasonic. In use, the hydro-transportation device discharges 
directly into the sea or when in sub-sea operation, into a riser. 

25 

In use, the flow capacity of the cyclone separator 40 can be increased by withdrawing 
the inner cyclone liner 16 from its operative position within the outer cyclone liner 14, 
as shown in Figs 2 and 3, to the inoperative position axially spaced from the outer 
cyclone liner 14, thereby making the outer cyclone liner 14, which has a larger internal 
30 diameter, the operative liner of the cyclone separator 40. 

The result is that the pressure differential between an inlet and an outlet of the cyclone 
separator reduces even though the flowrate through the separator increases. 
Furthermore, the flow capacity of the cyclone separator can be reduced during use, by 
35 inserting the inner cyclone liner 16 to an operative position within the outer cyclone 
liner 14 from the inoperative position axially spaced from the outer cyclone liner, 
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thereby making the inner cyclone liner, which has a smaller internal diameter, the 
operative liner of the cyclone separator. In . this case, the pressure between an inlet 
and an outlet of the cycione separator increases as the flow capacity reduces. 

When the inner cyclone liner 16 is in the operative position, rotational flow in the • 
flooded cyclone chamber 12 of the outer cyclone liner 14 passes through the inlet 22 of 
the inner cyclone liner 16, causing a rotational flow pattern therein. In other words, the 
outer cyclone liner 14, of larger diameter, acts as a flow distributor to the inlet 22 of the 
inner cyclone liner 16. Solid particles separated from the flow report to the discharge 
chamber 48, where they are removed by fluidising using a low fluid flow rate to create a 
vortex action. This fluidises the solids and causes them to report to the solids outlet 
duct 58 at a controllable velocity and concentration. Treated or separated fluids, 
typically hydrocarbon fluids, pass through the outlet duct 60. 

The inner cyclone liner 16 should be displaced to the inoperative position when the 
cyclone separator 40 witnesses a high pressure drop across the system that indicates 
that the inner cyclone liner 16 taking the flow is too small or has insufficient area or 
volume for the unit to pass the incoming flow rate, whilst maintaining the required 
separation efficiency at the designed pressure drop. When in the inoperative position, 
the inner cyclone line 16 does not interfere with the flow through the larger outer 
cyclone liner 14. The effect is to decrease the pressure drop through the cyclone 
separator or de-sander to acceptable levels whilst maintaining desired flow rates and 
separation efficiencies. 

It is an advantage of the invention that the inner cyclone liner 16 can be displaced 
during operation of the cyclone separator 40, ie, when it is online. Furthermore, the 
automatic operation of the displacement means enables most efficient operation of the 
separator. 

The scope of the invention is intended to include any arrangement in which a plurality 
of cyclone assemblies or cyclone separators are incorporated in a treatment system in 
series or in parallel connection. 
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CLAIMS 

1 . A cyclone assembly comprising a cyclone chamber, an inner cyclone liner 
adapted to be received within the cyclone chamber, and displacement means for 

5 displacing the inner cyclone liner relative to the cyclone chamber between an operative 
position and an inoperative position. 

2. A cyclone assembly as claimed in claim 1 in which the cyclone chamber 
1 0 comprises an outer cyclone liner. 

3. A cyclone assembly as claimed in claim 2 in which the inner cyclone liner is 

. adapted to be displaced along a longitudinal axis of the outer cyclone liner between the 
operative position and inoperative position. 

15 

4. A cyclone assembly as claimed in claim 3 in which a seal is provided at a lower 
end of the inner cyclone liner, which seals between the inner and outer cyclone liners 
when the inner cyclone liner is in the operative position. 

20 

5. A cyclone assembly as claimed in any preceding claim in which the inner cyclone 
liner has an inlet let into its periphery. 

25 

6. A cyclone assembly as claimed in any one of claims 2 to 5 in which the outer 
cyclone liner has an inlet let into its periphery. 

30 7. A cyclone assembly as claimed in any preceding claim in which the inner cyclone 
liner has an overflow outlet for fluids at an upper end and a discharge outlet for solids 
at its lower end. 

8. A cyclone assembly as claimed in any one of claims 2 to 7 in which the outer 
35 cyclone liner has an overflow outlet for fluids at an upper end and a discharge outlet for 
solids at a lower end. 
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9. A cyclone assembly as claimed in claim 8 in which the inner cyclone liner is able 
to pass through the overflow outiet of the outer cyclone iiner. 

5 i 0. A cyclone separator including a cyclone assembly as claimed in any one of 
claims 1 to 9 in which the cyclone assembly is contained within a housing. 

11. A cyclone separator as claimed in claim 10 in which the housing has an inflow 
chamber, an overflow chamber and a discharge chamber. 

10 

1 2. A cyclone separator as claimed in claim 1 1 in which a fluid supply duct is 
provided in fluid communication with the inflow chamber. 

13. A cyclone separator as claimed in claim 1 1 or claim 12 in which the cyclone 
15 chamber is substantially contained in the inflow chamber. 

14. A cyclone separator as claimed in any one of claims 1 1 to 13 in which the inner 
cyclone liner can be positioned concentrically within the cyclone chamber in the 
operative position, or displaced axially to the inoperative position within the overflow 

20 chamber. 

15. A cyclone separator as claimed in any one of claims 10 to 14 in which actuation 
of the displacement means is automatic, and is triggered when a predetermined 
pressure differential is detected between an inflow and outflow of the separator, 

25 

16. A cyclone separator as claimed in any one of claims 10 to 15 in which the 
displacement means is a threaded spindle. 

17. A cyclone separator as claimed in any one of claims 1 1 to 14 in which the 

30 displacement means is a threaded spindle and a hand wheel is provided for actuation 
of the threaded spindle by rotation. 

1 8. A cyclone separator as claimed in any one of claims 10 to 16 in which the 
displacement means is powered either by a hydraulic or pneumatic actuator. 

35 
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1 9. A cyclone separator as claimed in any one of claims 1 0 to 1 6 in which the 
displacement means is powered by an electric actuator. 

20. A cyclone separator as claimed in any one of claims 1 0 to 1 6 in which the 
5 displacement means is powered by springs. 

21 . A cyclone separator as claimed in claim 15 in which the displacement means is 
powered by the pressure differential between the inflow and outflow of the separator. 

10 22. A cyclone separator as claimed in any one of claims 11 to 21 in which a fluidising 
unit is connected to the discharge chamber. 

23. A cyclone separator as claimed in any one of claims 9 to 22 in which a heated 
jacket is provided around the separator. 

15 

24. A cyclone separator as claimed in any one of claims 9 to 22 in which the cyclone 
separator is adapted to be heated by heat tracing. 

25. A cyclone separator as claimed in any one of claims 9 to 24 in which the cyclone 
20 separator is incorporated in a choke or a blow-out protector. 

26. A cyclone separator as claimed in any one of claims 9 to 24 in which the cyclone 
separator is incorporated in a wellhead assembly or manifold. 

25 27. A cyclone separator as claimed in any one of claims 9 to 24 in which the cyclone 
separator is adapted to be operated on the seabed. 

28. A cyclone separator as claimed in claim 27 in which the cyclone separator is 
adapted to be operated by a remotely controlled vehicle on the seabed. 

30 

29. A cyclone separator as claimed in claim 27 or claim 28 in which the cyclone 
separator is positioned on the seabed and arranged to remove solids from a fluid flow 
prior to a process or separation system. 
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30. An apparatus for treating a well head stream comprising a plurality of cyclone 
separators as claimed in any one of claims 9 to 24 mounted on a skid, a receiving 
vessel for solids and a hydro-transportation device for discharging cleaned solids. 

5 31 . An apparatus for treating a well head stream as claimed in claim 30 in which the 
receiving vessel for solids includes a cleaning cyclone, a re-circulation inductor and de- 
agglomeration means. 

32. An apparatus for treating a well head stream as claimed in claim 31 in which the 
10 de-agglomeration means is either chemical or ultrasonic. 

33. An apparatus for treating a well head stream as claimed in any one of claims 30 
to 32 in which the hydro-transportation device discharges directly into the sea or when 
in sub-sea operation, into a riser. 

15 

34. A method of increasing the flow capacity of a cyclone separator during use, 
comprising the step of withdrawing an inner cyclone liner from an operative position 
within a cyclone chamber to an inoperative position axially spaced from the cyclone 
chamber. 

20 

35. A method as claimed in claim 34 in which the pressure between an inlet and an 
outlet of the cyclone separator reduces as the flow capacity increases. 

36. A method of reducing the flow capacity of a cyclone separator during use, 

25 comprising the step of inserting an inner cyclone liner to an operative position within an 
outer cyclone liner from an inoperative position axially spaced from the outer cyclone 
liner, thereby making the inner cyclone liner, which has a smaller internal diameter, the 
operative liner of the cyclone separator. 

30 37. A method as claimed in claim 36 in which the pressure between an inlet and an 
outlet of the cyclone separator increases as the flow capacity reduces. 

38. A cyclone assembly substantially as described herein with reference to and as 
illustrated in Figs 2 to 5 of the accompanying drawings. 

35 



15 

39. A cyclone separator substantially as described herein with reference to and as 
illustrated in Figs 2 to 5 of the accompanying drawings. 

40. An apparatus for treating a well head stream substantially as described herein 
5 with reference to and as illustrated in Figs 2 to 5 of the accompanying drawings. 

41 . A method of increasing the flow capacity of a cyclone separator substantially as 
described herein with reference to and as illustrated in Figs 2 to 5 of the accompanying 
drawings. 

10 

42. A method of reducing the flow capacity of a cyclone separator substantially as 
described herein with reference to and as illustrated in Figs 2 to 5 of the accompanying 

■ 

drawings. 

15 
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ABSTRACT 

1 

CYCLONE ASSEMBLY AMD METHOD FOR INCREASING OR DECREASING 
FLOW CAPACITY OF A CYCLONE SEPARATOR IN USE 

See Fig 3 

A cyclone separator 40 includes a housing 42, in which a cyclone assembly 10 is 
contained. The housing 42 has an inflow chamber 44, an overflow chamber 46 and a 
discharge chamber 48. The cyclone assembly 10 has an inner cyclone liner 16 
positioned concentrically within a cyclone chamber 12. A displacement means 52 is 
provided for displacing the inner cyclone liner 16 axially from an operative position in 
the cyclone chamber 12 to an inoperative position in the overflow chamber 46 of the 
housing 42. The cyclone chamber 12 has a larger internal diameter than the inner 
cyclone liner 16, therefore, when the inner cyclone liner is moved to the inoperative 
position, the flowrate through the cyclone assembly is increased. 
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